ment. 7, 8, 10, 11, 12, 15, 16 In addition, numerous studies suggest that socio-economic status seems to be an important factor for understanding the effects of malnutrition in cognitive behaviour. The risk of malnutrition may also be associated with maternal mental health, unstable family structure, poor education, unemployment, low income, and inadequate living conditions. [17] [18] [19] [20] Some of these factors significantly influence the cognitive performance of children with pre-uterine, intra-uterine and postnatal malnutrition. [10] [11] [12] [13] 21 In sum, several studies have attempted to elucidate the role of malnutrition on cognition but "despite extensive efforts, it continues to be uncertain whether cognitive impairment is an inevitable consequence of malnutrition", 22 as well as which cognitive functions, if any, are permanently affected. In studies with human beings discrepancies between studies arise from differences in the length, severity, time and type of malnutrition, 6 but probably more so due to difficulties in isolating the effects of malnutrition from economic, social and cultural factors, in addition to the use of a wide variety of tests to evaluate cognitive functions. The latter issues would be minimized by using a test battery with a sound theoretical basis as proposed by developmental neuropsychology. 23 The objective of the present investigation was to study the cognitive effects of malnutrition comparing the neuropsychological profile of eutrophic, stunted and chronically malnourished 7-to 10-year-old children. More specifically the study aimed at verifying the development of functions that have not been explicitly studied before using developmental neuropsychology as a basis for selecting tests, which included measures of different subtypes of memory (working, declarative and non-declarative memories) taking into account other potential factors known to alter cognitive development, such as birth weight and environmental variables.
Methods
The children were selected using the following procedure: the weight and height of 562 six-to tenyear-olds of the public school system in the second poorest community of São Paulo City were measured. The height/age (H/A) and weight/height (W/H) indicators were calculated on Epinut by EpiInfo, version 6.04, using the Waterlow classification modified by Batista. 24 Among all children, 45% were eutrophic, 20% were stunted and 5% were chronically malnourished. Children with acute
Introduction
Malnutrition is one of the principal problems in the world's Public Health Sector, especially in underdeveloped and developing nations. It is considered to be a disorder associated with poverty, lack of access to economical, educational and health resources of high risk groups. 1 In recent years there has been an increase in the awareness of the significance of malnutrition in the development of the Central Nervous System (CNS). It is postulated that permanent effects of malnutrition are found in brain morphology, physiology and neurochemistry, and that these may have implications to behavioural and cognitive development. 2, 3 Malnutrition does not occur independently from environmental conditions; several factors have been identified that could interfere in the child's capability to respond appropriately to the environment, such as inadequate socioeconomic conditions, undereducated parents, family problems, as well as reduced environmental stimulation. 4 The studies investigating the effects of malnutrition on cognitive development report controversial data. For example, various have found that severe post-natal malnutrition negatively influences the development of functions such as intelligence, memory, verbal abilities, problem solving capability and motor development. [5] [6] [7] [8] [9] [10] Other studies 11 showed none of these effects, but found motor and perceptual impairments. Likewise, no detrimental effects in abilities such as arithmetics, visual functions and attention 8, 9 have been found, nor in Intelectual Quocient, although it seems to decrease according to the degree of malnutrition. 10 More recent studies have also attempted to investigate the role of other factors usually associated with malnutrition in cognitive impairment. Probably the most important of these is low birth weight, which is observed in lower socio-economic classes and is related to maternal conditions during gestation such as specific pathologies, age and maternal malnutrition. Some studies have shown that low birth-weight has major influence in the development of functions such as memory, mental flexibility, lateral thinking, perceptual motor abilities, reading and mathematics tests 12, 13 despite the fact that although the characterization of intra-uterine malnutrition based solely on newborn weight has been extensively used, it can be considered an insufficient criterion for such. 14 Other key factors in cognitive development such as hospitalization, prolonged episodes of diarhoea and infections have also been associated with larger impair-EACI-P) 28 which assesses 5 factors: hyperactivity, independent functioning, inattention, socialization, and anxiety; 11. Maternal mental health: SRQ-20 (Self Reporting Questionnaire, 20 item version). 29 Other variables (factors not analyzed as used only for control of exclusion criteria): a) Socio-economic and bio-psychological status: those responsible for the children filled a questionnaire which included information on: i) number of people in the household; family income; mother's and father's background; living conditions (type of building, number of rooms) and sanitary conditions (refuse collection, water, electricity, sewage);
ii) gestational background, birth weight and hospitalizations due to infection and/or diarrhoea.
iii) data on clinical/psychiatrical diseases of children, as well as medication use.
The hypotheses of normal distribution and homocedasticity were analysed using the ShapiroWilk and Levene test, respectively. The 13 variables according to these hypotheses were compared by one way ANOVA, followed by the orthogonal contrast method in order to identify mean differences. For the remaining variables, the Kruskall-Wallis non-parametric test and multiple comparisons were used; for the sex variable, the ChiSquare test was used.
In order to study the influence of malnutrition and environmental factors on neuropsychological development, an (exploratory) regression analysis was undertaken using the indicators H/A and W/H, gender, age, socio-economic and neuropsychological profile variables. The children included were those for which complete data were available: 36 stunted and chronically malnourished, and 19 eutrophic. Thereafter, variables significantly associated with anthropometric indexes and adjusted models of Multiple Linear Regression were selected, taking into consideration dependent variables from results of the neuropsychological assessment in this study. The independent variables considered were: group (both malnourished groups collapsed, vs. eutrophics), sex, age, birth weight, parents' education, income and maternal mental health (SRQ). The supposition of normal distribution was verified through normal graphics of probability with bands of trust. In cases showing signs of heterocedasticity, a logarithmic transformation was used for the dependant variable. In order to measure the quality of models adjustment, the explanation or determination coefficient (R2) was taken into account. In addition, following regression analysis of the neuropsychological tests in which age was associated to performalnutrition were not assessed in this study. The remaining children, 47 eutrophic and 47 stunted, were pseudorandomly selected according to age and gender for the purpose of groups' assessment.
Considering that the number of chronically malnourished children was much lower, all 29 of 7-to 10-year-olds with this condition were included. Parental refusal and children fitting the exclusion criteria (neurological disorders, current use of medication, history of domestic violence) led to the final sample of 27 eutrophic, 31 stunted and 15 chronically malnourished boys and girls.
All procedures utilised in this study were approved by the Research Ethics Committee of the researchers' institutions Universidade Federal de São Paulo in the city of São Paulo, Brazil and the Education and Research Institute at Albert Einstein Hospital. The children's parents signed informed consent forms agreeing with their children's participation.
The children were evaluated at their own school, individually. The assessment was carried out by two fully qualified neuropsychologists blind to childrens' nutrional status. The tests were carried out in 2 or 3 sessions and were applied in a random order. The following neuropsychological tests [25] [26] [27] 6. Visual perceptual function: naming subtest (Stanford-Binet scale).
7. Long-term memory: episodic memory was evaluated with immediate and delayed recall of prose (Rivermead Behavioral Memory Test) and Bender pictures; semantic memory was tested with animal and fruit fluency tests; procedural memory through application of the Tower of London, and repetition priming through a picture fragment test. 25 8. Working memory: Corsi Block and Digit Span test; Brazilian Test of Pseudoword Repetition (BCPR). 26 9. Literacy assessment: writing, reading and mathematics tasks -abbreviated method extracted from the Educational Performance Test. 27 10. Behaviour (Teacher Rating BehaviourScale;
There were no significant differences between the groups in relation to socio-economic data, as depicted in Table 2 . As for the remaining data, 100% of the sample had access to electricity, public water supply and in-house bathrooms, therefore such data was not considered when comparing groups. Statistical analysis was not carried out for results for there was no dissimilarity related to the parents' background. There were no cases of hospitalization due to infections or diarrhoea.
Significant differences were reported in regard to birth weight F (2,54) = 3.78; p = 0.03 (Figure 1 ), lower in chronically malnourished children when compared to the eutrophic participants (p = 0.01). As for the maternal mental health assessed by SRQ (Figure 2 ), there was a significant difference between groups (X 2( 2) = 8.090; p = 0.02), the mothers of the children from the eutrophic group had higher scores when compared with the other groups (p < 0.03).
mance, an ANCOVA analysis was performed, with age as a co-variable. The significance level adopted was p < 0.05. Statistical computer programs used was SPSS version 11.0 and proc GLM -SAS, version 8.0.
Results
The groups did not significantly differ in terms of age and gender (Table 1) . However, there were significant differences in the W/H F(2,70) = 37.60; p = 0.001 and H/A F (2,70) = 65.1; p < 0.001 reflecting the allocation of subjects to one of the three groups: the W/H of chronically malnourished children was significantly lower than of the other two groups (p s < 0.001), while the stunted and chronically malnourished children had H/A inferior to that of the eutrophic children (p s < 0.001). One child in the eutrophic and one in the chronically malnourished group had birth weights under 2.5 kg. (W/H) weight for height; (H/A) height for age; n = number of children included in the sample; * W/H -ANOVA -orthogonal contrast method -chronic malnourished children was significantly lower than of the other two groups (ps < 0.001); # H/A stunted and chronic malnourished children: H/A inferior to the eutrophic children (ps < 0.001) Concerning regression analysis (Table 4 ) two variables of interest showed significant association: in the semantic memory test (animals and fruit) malnourished children had higher scores replicating what the ANOVA showed and weight at birth was significantly associated only with omissions in the cancellation test (smaller weight led to worse scores). The remaining associations in Table 4 will not be discussed as they are not relevant to the objective of the present study.
Discussion
Overall results of the present study determined that malnutrition can affect cognitive development, but this was observed in specific cognitive functions only and depended on the degree of malnutrition as previously shown. 5, 9, 11, 12 Here chronic malnutrition led to lower scores in the vocabulary test (expressive speech), Corsi Block test -forward (visuospatial short-term memory), and higher scores in the anxiety factor of the behavioural scale, while the stunted group showed no impairment. This occurred despite the small sample size employed, indicating that these terms of neuropsychological tests (Table 3 ) significant differences between groups were found in the vocabulary test F (2,69) = 3.19; p = 0.04, the chronically malnourished group having performed more poorly than the other groups (p s < 0.05). In addition, in the Corsi forward test (X 2 (2) = 6.80; p = 0.03) the chronically malnourished group had significantly lower scores than the stunted group (p = 0.01); however, compared to the eutrophic group, no significant differences were found. One tailed t test comparing values to expected means 30 (4.0 ± 1.3) was undertaken and scores of the eutrophic group showed expected results in terms of norms for the age (p = 1.00) while there was a tendency (p = 0.07) of the chronically malnourished individuals to score below norms.
EACI-P scale results did not determine significant differences among groups in hyperactivity, independent functioning, inattention and socialization. In terms of anxiety, however, there was a significant difference (X 2 (2) = 7.464; p = 0.02): the chronically malnourished had higher scores than the stunted individuals (p = 0.006) and tended to be different in relation to the eutrophic group (p < 0.10) (Figure 3 ). data of the latter showed normal results (4.0 ± 0.8) for this population in terms of estimated means and standard deviations, while those of the malnourished individuals were on the inferior limit (3.7 ± 0.6). In addition, results in this test can not be related to deficits in visual perception since the chronically malnourished group was not impaired in the naming subtest and Bender Test. Unfortunately there are no other studies in the literature investigating visuospatial working memory in malnourished children. Our data suggest that this function could be severely impaired by malnutrition, even in children living in favorable environmental conditions and must be further investigated. Lack of information concerning this function in previous studies reinforces the significance of taking into account widely accepted theories/models of memory and cognition (e.g., the existence of various components of working memory) when studying the impact of malnutrition on cognitive development. In contrast to the results in the Corsi test, no impairment was found in corresponding verbal short-term memory (forward and backward digit span), as well as in pseudoword repetition. This differs from results of digit span impairment by malnutrition. 8, 9, 12 Bearing in mind the Agarwal et al. 12 assessed children with prenatal malnutrition and the remaining studies 8, 9 did not report the children's weight at birth, it is possible that prenatal malnutrition is a key factor in determining major impairment in the development of this cognitive process. This would explain why no effect was observed in the present study considering, that in general, our sample did not have low birthweight.
It has been demonstrated that malnutrition risk could be related to maternal mental health and psychological/emotional factors, [18] [19] [20] constituting one of the environmental factors perpetuating malnutrition. In the present study, the number of maternal psychiatric symptoms was not a problem in the malnourished and stunted groups but was unexpectedly larger in the eutrophic group, a fact that can be considered a limitation of this study. However, seeing that there was no correlation that approached significance between results in SRQ-20 and any of the tests applied here we believe that this finding has no implication on the overall results.
Regarding remaining cognitive functions evaluated, the conclusion was that attention, executive functions, verbal working memory, long-term memory and visuoconstructive functions were not impaired by malnutrition. It could be argued that this could be due to the small sample size. However, no functions are very sensitive to nutritional status and must be further investigated.
In the present study only one child in the malnourished and one in eutrophic groups had birth weight below 2.5 kg so differences between groups cannot be ascribed to malnutrition in utero which is known to result in cognitive impairment. [12] [13] [14] However, chronically malnourished children had significantly lower birth weighs when compared to the eutrophic group. We believe this was not responsible for differences between groups as the only significant correlation between birth-weight and performance occurred for a test in which no differences between groups were found (omissions in the cancellation test) and was also very low (r = 0.37). Furthermore, there is no evidence in the literature that weight at birth if higher than 2.5 kg is associated to cognitive development.
Impaired cognitive performance can also not be explained by socio-economic status because all children were equated in this respect, including parents' schooling levels. Additionally, none of the children had a history of long periods of hospitalization due to infection and/or diarrhoea, a factor also associated to major cognitive impairment. 6, 7, 9, 10, 12, 15, 16, 17 Furthermore, groups did not differ in terms of age and sex. Regarding the impact of malnutrition on the vocabulary test, which reflects expressive speech and the process of organized thinking through word definition, the literature is unclear. Some seem to believe that unfavourable environmental conditions impair the development of this cognitive function, 21 a hypothesis not confirmed by our results since eutrophic and malnourished children were equated in this respect. Contrarily, in support to our findings of lower scores in the chronically malnourished children, impairment in this function was demonstrated in children with severe malnutrition when compared to other individuals with the same background, 9 suggesting that socio-economic status by itself does not determine cognitive function performance. Hence, our results suggest that even when environmental conditions are favorable, malnutrition can impair this function. 9 Despite this, others have not found similar impairments with other, albeit similar, vocabulary test, 7 possibly due to different measuring methods of this function.
In terms of the impairment of visual-spatial short-term memory in the chronically malnourished in relation to the stunted groups as measured by the Corsi (forward), it is important to mention that although no difference was observed between the chronically malnourished and the eutrophic groups, mine more clearly the nature of emotional alterations in malnourished children, for cognitive tasks performance can be affected by anxiety and inattention. 22, 31 In conclusion, visuospatial short-term memory, vocabulary, and anxiety, all impaired by malnutrition in this study even when environmental conditions were adequate for development, seem to be sensitive to chronic malnutrition and must be investigated in detail since they have major impact in the overall cognitive function. Apart from the constraints of the small sized sample, preservation of the remaining cognitive functions found here can also be credited to adequate environmental conditions under which children lived, as well as the fact that they were not characterized as having prenatal malnutrition, factors that may have reduced the malnutrition effects on the cognitive development.
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To the parents and children for their participation, to Angela T. Paes for the statistical analysis, and the cooperation of the professionals at "Escola Prof. Homero dos Santos Fortes". such effects were also found using a means of increasing sample size, combining scores of both malnourished groups and contrasting them with those of the eutrophic children as in regression analysis. So the small sample size, may not have been responsible for lack of effects in these measures. Similar studies that did find this type of impairment 9,13 involved individuals with prenatal malnutrition, a variable that seems crucial in the determination of more severe change in cognitive development. 12, 13 Indeed, the strength of the present paper lies in the fact that despite the small sample size, cognitive effects of postnatal malnutrition were determined. Still, studies with larger samples must be carried out to investigate the specific functions affected, and to what extent, by pre-and postnatal malnutrition.
Finally, concerning child behaviour assessed by the teacher-rating scale, the chronically malnourished children showed higher levels of anxiety, confirming previous findings of motivational alterations related to malnutrition in humans 9, 22 and animals. 22, 31 It is unknown whether such factors are related to changes in cerebral functioning or result from the interaction between malnutrition and environmental experience, affective and social deprivation. 22 Bearing this in mind, it is important to deter-
